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Abstract 
Recent research on enhancing the 
effectiveness of organizations has focused 
on the fit between the structure of 
organizations and the tasks they perform. 
The A2C2 project examines this issue in 
the context of command and control 
organizations engaged in joint warfare. 
As one of the initial steps of the project, 
this paper explicates a preliminary 
taxonomy of tasks and organizational 
structures. This taxonomy purports to 
accomplish four objectives: create a 
common vocabulary for studying 
command and control organizations, 
form a basis for creating links between 
the modelling and experimental aspects of 
the project, enable the design of 
experiments, and guide the development 
of meaningful measures of organizational 
performance and process. 
1 Introduction 
Recent research on enhancing the effectiveness of 
organizations has focused on the issue of fit 
between an organization's structure and the task/s 
undertaken by it (Grabowski and Roberts, 1996). 
The underlying premise is that an organization's 
effectiveness is contingent on the degree of 
congruence between the structure of the 
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organization and the structure of the task/s it 
performs. The project on Adaptive Architectures 
for Command and Control (A2C2) seeks to 
investigate this premise through a combination of 
modelling, experimentation and fieldwork. The 
focus of the project is on command and control 
organizations engaged in joint warfare. 
This paper formulates a preliminary taxonomy 
of task and organizational structures, gleaned from 
research in organization theory and behavioral 
decision theory. The purpose behind this exercise 
is fourfold: create a common vocabulary for 
studying command and control organizations, 
create links between the experimental and 
modelling components of the A2C2 project, 
facilitate the design of task and organizational 
structures for conducting experiments, and suggest 
measures of organizational performance and 
process. 
The paper proceeds as follows. Section 2 
discusses the different dimensions that constitute 
task structures. Section 3 discusses different 
dimensions underlying organizational structures. 
In Section 4, we examine the implications of the 
taxonomy for research. 
2 Task Structures 
A task structure can be thought of as a set of 
tasks that constitute a mission, and a specification 
of the relationships among the tasks. 
The tasks in a task structure can vary on the 
basis of their characteristics. Each task can, 
therefore, be defined on several dimensions. The 
principal dimensions for the design of task 
structures are uncertainty, time, complexity, 
resources, information, and coordination 
. t l requzremen s . 
2.1 Uncertainty 
Uncertainty in a task can be defined as the extent 
to which information about the states, outcomes 
or the environment of the task is not known. 
According to Wohl (1981), task uncertainty can 
be viewed in terms of input uncertainty and 
outcome uncertainty. Input uncertainty 
(characterized by Wohl as "what is") refers to 
uncertainty about the state(s) of nature. Outcome 
uncertainty ( or "what if') reflects uncertainty 
about the consequences of a particular course of 
action. 
For an illustration of uncertainty, consider the 
task of identifying and prosecuting an aircraft in a 
combat zone. Input uncertainty is characterized 
by uncertainty about the identity, capability and 
intentions of the aircraft. Outcome uncertainty is 
reflected in uncertainty about the consequences of 
specific courses of action, e.g., attacking the 
aircraft (which can be very damaging if the 
aircraft was actually neutral), or not prosecuting it 
at all (which can have unfavorable consequences 
if the aircraft did indeed have hostile intent). 
2.2 Time 
The time dimension describes tasks in terms of 
two aspects: tempo and time sensitivity. The 
tempo of a task denotes the throughput 
requirements of the organization in responding to 
the task, i.e., the rapidity with which a set of 
activities encompassed within a task must be 
accomplished. For example, an amphibious 
1 The dimensions of task structure discussed here have been 
adapted from literature in behavioral decision theory (e.g., 
Cooksey, 1996; Hogarth, 1987; Wood, 1986), organizational 
theory (e.g., Campbell, 1988; Wood and Bandura, 1989) and 
coordination theory (e.g., Malone and Crowston, 1994), and were 
modified to reflect the realities of military tasks. 
assault may require a Joint Task Force to land 
Marine Expeditionary Units and implement a 
number of activities, such as clearing minefields, 
suppressing artillery, and conducting medical 
evacuations. All of these activities must be 
performed in rapid succession. Therefore, this 
task is one of high tempo. 
The time sensitivity of a task denotes the 
window of opportunity available for performing 
the task. Consider the sudden appearance and 
setup of an enemy theater ballistic missile launcher. 
The friendly forces have a small window to 
recognize the threat and act before the launcher 
fires and goes into hiding. In a larger context, 
time sensitivity may also reflect the dynamicity of 
a task. For example, the task of fighting a '"fire 
becomes more difficult the longer it is left 
unattended. 
2.3 Complexity 
The complexity of a task is often used as a 
surrogate for its difficulty. A significant aspect of 
complexity is in its perception: the level of 
complexity can be very diferent across different 
individuals. In an operational sense, complexity 
can can be thought of as the degree to which a 
task contains six characteristics: 
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• Multiple Attributes: the number of 
underlying attributes that must be taken 
into consideration in task processing. 
• Multiple Paths: the number of paths that 
could be taken to arrive at a desired 
outcome [Campbell, p. 43]. 
• Multiple Outcomes: the number of 
outcomes desired from a task. These 
outcomes need not be mutually exclusive 
[Campbell, p. 43]. 
• Conflicting Interdependence among 
Outcomes: this denotes a negative 
relationship between desired outcomes. If 
achieving one desired outcome conflicts 
with the attainment of another, the result is 
an increase in the complexity of the task 
[Campbell, p. 44]. 
• Cue lntersubstitutability: this denotes a 
situation where some of the attributes of a 
task are correlated, positively or 
negatively. The presence of cue 
intersubstitutability enables a decision 
maker to use an attribute as a surrogate for 
( one or more) other attributes. This allows 
decision makers to work with fewer cues 
than otherwise necessary, thereby reducing 
the complexity of the task. 
• Uncertain or Probabilistic Linkages: this 
denotes a condition where the connection 
between the potential path of activities and 
the desired outcomes from a task are 
uncertain, or probabilistic [Campbell, p. 
45]. Such situations increase the 
complexity of a task. 
For a general example of complexity, consider 
the conduct of an amphibious assault. The mission 
entails processing multiple attributes (terrain, 
hydrography, enemy positions, roads, beaches, 
enemy reinforcement capability, etc.). One desired 
outcome of the mission is to destroy or suppress 
enemy positions at or near the beachhead. There 
are several ways to accomplish this (multiple 
paths), such using close air support, naval gunfire, 
infiltrating with SEAL or reconnaissance teams, or 
some combination of the above. There are also 
many additional outcomes (multiple outcomes) 
that are desired, such as achieving surprise, while 
at the same time, minimizing casualties. 
However, achieving surprise and destroying and 
suppressing enemy positions are usually mutually 
exclusive ( conflicting interdependence among 
paths); a commander who precedes an amphibious 
assault with a heavy air and sea bombardment, 
stands a good chance of destroying or suppressing 
the enemy positions, but in the process, destroys 
the element of surprise. Also, when attempting to 
gauge the degree of surprise attained, the 
commander examines various items of intelligence. 
There may be several different indicators of 
whether or not he is achieving surprise (such as 
increased military activity or decreased civilian 
activity), and whether it would be worth forgoing 
significant beach preparation ( cue 
intersubstitutability). Finally, if the enemy's 
positions at or near the beach are well protected 
and disguised, the commander is uncertain whether 
his possible actions of close air support, naval 
surface fire support, etc. will be able to 
successfully achieve the desired outcome of 
suppressing or destroying the enemy positions 
(uncertain or probabilistic linkages). 
2.4 Resources 
This dimension reflects the resources required for 
performing a task. Consider a situation where the 
Amphibious Ready Group as well as the Carrier 
Battle Group of a Joint Task Force are under 
attack from submarines. For adequate defense, 
two anti-submarine resources (such as destroyers) 
are required. 
The resources-required dimension of a task is 
often constrained by the resources actually 
available. The interplay of the requirements and 
availability of resources can result in subtle 
changes in the nature of the task. In the example 
above, if only one destroyer was available, then the 
two components under attack would need to 
coordinate their activities in sharing the same 
resouce, thereby altering the nature of the task. 
2.5 Information 
This refers to the information required for the 
performance of a task. For example, intelligence 
reports may indicate the presence of a hostile anti-
ship missile site in a residential area. However, the 
information available on the location of the site 
may not be precise enough for action to be taken, 
because of a possibility of casualties among non-
combatants. The information component of the 
task is denoted by the information currently 
available and the additional information required 
before the task can be implemented successfully. 
2.6 Coordination Requirements 
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The coordination requirements of the task denote 
the degree to which dependencies among activities 
must be managed. The coordination requirements 
of a task can be categorized into three types: 
resource coordination, information coordination, 
and action coordination. 
• Resource coordination: this represents a 
situation where a set of resources must be 
shared - often in a specific sequence - by 
two or more activities. Effective use of the 
resource requires coordination among the 
activities involved. In the example in 
section 2.4 above, the use of the destroyer 
must be coordinated by the Amphibious 
Ready Group and the Carrier Battle 
Group. 
• Information Coordination: this represents 
situations where the performance of a task 
requires the sharing of information among 
sub-tasks or activities, often in a specific 
sequence. Consider, for example, a 
situation where two platforms are 
coordinating the defence of an airspace 
against one or more aircraft. Each 
platform may have incomplete information 
on the identity and/or intentions of the 
aircraft. For effective defense of the 
airspace, the two platforms need to share 
information in order to form a more 
complete picture. 
• Action Coordination: this refers to the 
mechanisms that connect specific activities. 
Mechanisms for action coordination can be 
further categorized into two types: 
- Producer-Consumer Relationships: the 
output of one activity provides the input 
to another activity. For example, in 
conducting an amphibious operation, 
mines must be cleared before an assault 
can be made on the beach. 
Synchronization Constraints: this 
denotes a situation where two or more 
activities must be scheduled or 
synchronized. Such synchronization may 
entail simultaneity (i.e., two activities 
must be carried out at the same time) or 
sequence (i.e., two activities must not be 
carried out at the same time). 
4 Organizational Structures 
An organizational structure is " ... the sum total of 
the ways in which its labor is divided into distinct 
tasks and then its coordination is achieved among 
these tasks." (Mintzberg, 1993). In order to 
design an effective organization, "the elements of 
structure should be selected to achieve an internal 
consistency or harmony as well as a basic 
consistency with the organization's situation.'' 
(Mintzberg, 1993). The dimensions of an 
organization's structure can be thought of as 
containing a set of rules that govern the manner in 
which an organization responds to a specific 
mission at hand. 
The principal categories with respect to the 
design of command and control organizations are 
topology, facilities/infrastructure, and the 
distribution of activities. The design of such 
organizations should also consider other building 
blocks of structure, such as goals and culture2• 
4.1 Topology 
The category of topology encompasses the 
dimensions of hierarchy and authority/reporting 
structures. Hierarchy denotes the depth of the 
organization, i.e., the number of levels. The span 
of control denotes the number of nodes that are 
controlled or supervised by any node. In the 
organization shown in Figure 1, the hierarchy has a 
depth of three levels. The span of control in the 
organization varies from one node to another. The 
root node has a span of control of two. Of its 
immediate subordinates, one node has a span of 
control of three, whereas the other controls just 
one node. 
2 The dimensions of organizational structure discussed in this 
paper have been adapted from literature in organizational theory 
(e.g., Daft, 1988; Katz and Gartner, 1988; Mintzberg, 1993. 
Wood and Bandura. 1989) as well as previous research on 
command and control teams. The categories have been modified 
to reflect the characteristics of military organizations. 
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The authority and reporting relationships in 
this hierarchy are implicit in Figure 1. Authority 
typically flows down, i.e., a higher level node has 
authority over the direct and indirect subordinates. 
This authority is usually exercised through the 
assignment of tasks and resources, as well as the 
delegation of control over tasks to be performed at 
levels further down. Reporting relationships in 
such hierarchies usually flow up, i.e., a node 
reports to the immediate supervisor. 
Figure 1: Levels of Hierarchy and Span of Control 
4.2 Facilities and Infrastructure 
The category of Facilities and Infrastructure 
includes the dimensions of Information Structure, 
Resource Structure and Communication Structure. 
Information Structure encapsulates the notion 
of how information is disseminated across the 
organization. There are primarily two modes of 
distribution of information: centralized and 
differential. In a centralized structure, all parts of 
a hierarchy receive same information. In a 
differential structure, information is differentially 
distributed on the basis of a set of specifications. 
In a differential set-up, the distribution of 
information can be partially or fully decentralized. 
The Resource Structure of an organization 
reflects the manner in which the resources are 
distributed across the units of the organization. 
This dimension subsumes two important issues: 
the ownership and control of resources. 
Communication Links in a command and 
control organization reflect the operationalization 
of two issues: connectivity and media richness. 
Connectivity denotes the extent to which each part 
of a hierarchy can communicate with the other 
parts. Media richness is concerned with the nature 
and "bandwidth" of the communication channel. 
Figure 2 shows the connectivity and media 
richness of the communication structure of an 
illustrative organization. Note that the 
communication links between any two sets of 
nodes may be unidirectional or bi-directional. The 
links may also differ in media richness. For 
example, the link between the root and its 
subordinates is rich, enabled with multiple modes 
of communication such as voice, data, video, etc. 
In contrast, the link between the right hand node 
of the second level and its subordinate is 




Arrows represent direction of communication 
links 
The thickness of the line represents the 
''bandwidth" of the link. 
Figure 2: Communication Structure 
4.3 Category 3: Distribution of Activities 
The category denoting the Distribution of 
Activities includes two dimensions: the 
distribution of functions and capability, and the 
knowledge and expertise structure. 
The distribution of functions constitutes the 
manner in which the tasks performed by an 
organization are parcelled out across the hierarchy. 
Designing the distribution entails assigning specific 
functions to individual nodes, as well as computing 
the overall workload of each node and the entire 
organization. In a JOIDt military organization, 
specifying the distribution of functions · also 
involves the additional step of mapping functions 
to the capabilities of services. Note that in military 
organizations, the assignment of tasks is usually 
made along the lines of hierarchy. Thus, generally 
speaking, tasks cannot be assigned upward or 
laterally. 
The knowledge and expertise structure reflects 
the distribution of knowledge and expertise across 
an organization. In joint organizations, different 
nodes of a hierarchy may differ because of 
differential levels of knowledge and expertise 
associated with different services. Such a 
hierarchy may therefore incorporate overlapping 
expertise, e.g., in tasks in which all the 
participating services have sufficient knowledge 
and expertise, or differential expertise, e.g., in 
situations where only one of the services has the 
necessary knowledge and expertise to perform the 
task. 
4.4 Others 
Another important element of organizational 
structure is a specification of the goal to be 
accomplished by the organization. This requires 
stating the overall or global goal. The global goal 
can be progressively decomposed to local goals 
for each element of the hierarchy as well as for 
each individual in the organization. When an 
organization seeks to accomplish multiple goals, 
the goals may be in conflict. Goal conflict can also 
occur between the global goal and local goals. 
Finally, each organization is characterized by 
its culture. Organizational culture consists of a set 
of norms, values, practices and procedures 
developed within an organization. In a joint 
operation that consists of several services, 
elements of culture may vary across the hierarchy, 
thereby creating impediments toward forming a 
common understanding of the environment or in 
implementing a mission. 
5 Discussion and Conclusions 
The implications of the taxonomy can be 
considered in terms of the four objectives 
described earlier. First, the taxonomy describes 
qualitatively, the dimensions commonly used in 
organizational research. Doing so facilitates the 
design of tasks and organizations for a variety of 
purposes. In the context of the A2C2 project, 
these dimensions are being employed for 
conducting research on joint organizations. 
An explication of dimensions of task and 
organizational structure also allows us to create 
links between the modelling and experimental 
aspects of the A2C2 project. For example, the 
first A2C2 experiment used the dimensions 
described here for defming a set of task and 
organizational structures. These structures are 
being used in an empirical context (i.e., in the 
actual experiment) as well as in a modelling 
context (i.e., as inputs to analytical models of 
organizational performance). 
The taxonomy provides a useful starting point 
for generating hypotheses on congruence. Such 
hypotheses can be derived from three aspects of 
the taxonomy: the interplay of the dimensions of 
task structure, the interplay of the dimensions of 
organization structure, and the mapping of the 
dimensions of task and organization. 
Finally, by providing definitions of the 
dimensions, this taxonomy provides a basis for 
creating measures of organizational performance 
and process. For example, the definition of an 
organizational hierarchy can be utilized to create 
graph-theoretic measures for capturing the 
properties of different hierarchies. 
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